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We examined the effect of dense alien plant invasion on 
vegetation development following clearing. from a nutri-
ent-acquisition perspective. The majority of fynbos 
plants form arbuscular mycorrhizas but Hakea and 
Pinus, two of the most invasive alien plant genera in 
mountain fynbos, do not. We hypothesised that these 
aliens would negatively impact on arbuscular mycor-
rhizal infectivity and thereby influence post-clearing 
vegetation development. The mycorrhizal status of veg-
etation at two mountain fynbos sites was compared 
between invaded and uninvaded sites before clearing 
and after alien clearing and fire . On cleared sites, non-
mycorrhizal guilds were under-represented and arbus-
Introduction 
In the fynbos. Western Cape. South Africa. alien invasive 
plant species pose a major th reat to indigenous vegetation 
and ecosystem functioning. Plant reproductive mode has 
been found to be a good predictor of which !ynbos plants will 
survive dense infestations of alien plants (Holmes and 
Cowling 1997a. b). In this paper we examine the interrela-
tion between plant mycorrhizal status and eHects of al ien 
plants on future vegetation development. 
Many fynbos species are arbuscular mycorrh izal (Allsopp 
and Stock 1993) and a large proportion of these are oblig-
ately mycorrhizal, requiring infection to establish successful-
ly after fire in this fire-prone vegetation (Allsopp and Stock 
1995). Arbuscular mycorrhizal fung i are obligate mutualists 
and are entirely dependent on forming mycorrhizas with suit-
able host plants in order to grow and reproduce. 
Mycorrhizas fo rm in the roots of plants from hyphae in living 
or recently dead roots or from germ ination of spores. If 
arbuscu!ar mycorrhizal plants are absent from the environ-
ment for any length of time, soil arbuscular mycorrhizal 
infectivity declines when propagules die (Thompson 1987. 
Jasper et al. 1991). 
There is concern that dense invasions of alien plants that 
are not arbuscular mycorrh izal may repress the mycorrhizal 
cular mycorrhizal guilds were over-represented. Soil 
arbuscular mycorrhizal infectivity and spore numbers 
were not affected by alien plants, possibly because an 
understorey of arbuscular mycorrhizal species had per-
sisted in the alien stands. We conclude that following a 
single cycle of dense alien vegetation, arbuscular myc-
orrhizal plant species are not negatively affected and 
that other effects of alien vegetation on the environment 
are responsible for changes in plant guilds. Soil under 
alien plants was enriched and this may have contributed 
to the success of the arbuscular mycorrhizal guild after 
clearing. 
fungi on which these indigenous plants are dependent. 
resulting in changes in the post-invasion community compo-
sition. Certain Pinus spp. have been shown to repress the 
growth of arbuscular mycorrhizal plant species and this has 
been linked to a reduction in arbuscular mycorrhizal forma-
tion under their canopies (Tobiessen and Werner 1980. 
Kovacic et al. 1984). Two of the main invasive genera in 
mountain fynbos do not form arbuscular mycorrhizas: Hakea 
spp. do not form any type of mycorrhizas (Lamont 1972. 
Allsopp and Stock 1993) while Pinus spp. are ecto-
mycorrhizal. Interactions between alien plants and their 
mutualists may have important consequences for function-
ing of the invaded ecosystem (Richardson et al. 2000). 
Large scale clearing of alien plants has been undertaken 
during the last five years under the 'Working for Water 
Project' in South Africa. While alien clearing has been shown 
to increase catchment water delivery (Le Maitre et al. 1996). 
little is known of the impacts of aliens on further plant com-
munity development. Suppression of particular nalive guilds 
may undermine eHorts to reinstate a functional fynbos 
ecosystem. 
We examined the mycorrhizal status of mountain fynbos 
vegetation under dense alien plant invasion and compared 
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this to adjacent un invaded vegetation before clearing and 
after clearing and fire. We investigated whether there is a 
relationship between plant functional type in terms of myc· 
orrhizal affiliation and soil mycorrhizal infectivity following 
alien clearing. We also investigated the effects of aliens on 
soil nutrient sta tus and speculate how this may affect plants 
belonging to different mycorrhizal groups. 
Materials and Methods 
Study sites 
Two sites in mountain fynbos where dense alien vegetation 
was found adjacent to indigenous vegetation were selected. 
Both vegetation types were on the same soils, at the same 
elevation and on similar slopes. The Villiersdorp si te 
(33"59'S, 19°16'E) was at 640-700m elevation on north and 
south-facing slopes of Bloukop Mountain. The Genadendal 
site (34"02'S, 19°35'E) was at 460-490m elevation on a 
south· facing slope in the Riviersonderend Mountains. The 
dominant aliens at both sites were Hakea sericea Schrad. 
and Pinus pinaster Ail. Prior to clearing, alien vegetation 
contributed 80-100% projected canopy cover in the invaded 
plots. Control plots supported the occasional alien planl, but 
indigenous vegetation dominated. Since indigenous species 
were still present in the understorey of the alien-invaded 
plots it is probable that the dense invasion dates from the 
previous fire about ten years ago. Invasive plants were most 
likely present in the catchment area for several decades at 
low densities. 
Both areas receive predominantly winter rainfall. Soils are 
nutrient poor, shallow and skeletal, derived from weathered 
sandstone of the Table Mountain series (Theron 1983). 
Clearing of al ien vegetation by teams from the 'Working 
for Water Project' commenced during 1996. Pinus and 
Hakea trees were felled as near to ground level as possible. 
Accidental fires occurred in both areas and the felled slash 
and uninvaded fynbos was burnt in January 1997 at 
Villiersdorp and in April 1997 at Genadendal. Seedling 
recruitment was monitored one year after the fire at both 
sites. 
Vegetation Survey 
Determination of plant cover 
Vegetation plots were located at the Villiersdorp and 
Genadendai sites to form part of the monitoring programme 
for the 'Working for Water Project'. Four Sm x 10m plots 
(total area 50m' ) were set up at each site. At Villiersdorp 
uninvaded controls and invaded plots were located both on 
north and south-facing aspects. However, at Genadendal, 
un invaded areas were very limited and one control plot and 
three invaded plots were set up on southerly aspects. Both 
before alien clearing and one year after the fire , alien and 
Indigenous species were identified and their projected 
canopy cover estimated. 
Mycorrhizal status of cover 
Mycorrhizal status was allocated to species growing at the 
site based on Allsopp and Stock (1993) . Species of unknown 
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status were assigned that of closely related species, since 
patterns of mycorrhizal status closely follow that of taxo-
nomic position in the Cape Floral Region (Allsopp and Stock 
1993). Some arbuscular mycorrhizal plants were designated 
as facultatively mycorrhizal because previous surveys had 
found them to have very low levels of mycorrhizal infection 
In the field (Allsopp and Stock 1994) and, therefore, were 
assumed to have little dependence on mycorrhizas. These 
included grasses (all C.,), members of Ihe Scrophulariaceae 
and annual Asteraceae. 
The impact of dense alien vegetation on the distribution of 
indigenous mycorrhizal guilds was investigated using con-
tingency table analyses (BMDP Program 4F, Dixon 1992). 
The categories with few representatives (ectomycorrhizal , 
orchid and unknown) were combined before analyses. The 
relative abundance of each guild (using projected canopy 
cover as the measure of abundance) was compared 
between invaded and control sites, both before and one year 
after the fire. Each site and aspect was analysed separate-
ly, then combined. Where the mycorrhizal guild distribution 
differed significantly (I.e. significant Pearson chi-squared 
values) , adjusted standardised deviales (ASD) were exam-
ined for signifi cant cel ls (those with an absolute value 
exceeding 3.0 , Haberman 1973). 
Soil Analysis 
At each site two transects were set up in August 1998 in the 
area cleared of alien vegetation and two transects in the 
pristine fynbos vegetation. Individual soil samples were col-
lected at 5m intervals along each 30m transecl. Soil was col-
lected to a maximum depth of 10cm wherever possible, but 
soils were very stony which prevented equal volumes being 
collected at all depths. Rooting depth was confined to the 
surface soi ls (0-7cm) along all transects. Soil samples were 
analysed tor arbuscular mycorrhizal infectivity, arbuscular 
mycorrhizal fungal spores and chemical composition. 
Arbuscular mycorrhizal bioassay 
A mycorrhizal bioassay was pertormed in order to assess 
arbuscular mycorrhizal infectivity of the soil. It was impossi-
ble to extract complete cores of soil from the stony soils. 
However, soil was carefully collected so as to avoid break· 
ing up clumps potentially containing mycorrhizal hyphal net-
works which may be vulnerable to soil disturbance. Fifty cm] 
of each soil sample was placed in the wells of steril ised poly-
styrene seedling trays. Four plants of Sorghum bic%r vari-
ety Super Dan were grown in each soil sample. Sorghum 
was grown for four weeks before harvesting roots by care-
fully washing off soil and organic debris. Roots were cleared 
in 5% KOH, acidified in dilute Hel and stained in 0.05% 
Trypan blue in lactic acid solution (Brundrett et al. 1994). 
After destaining in acidified glycerine solution, roots were 
examined under a dissecting microscope and numbers of 
arbuscular mycorrhizal infection points were counted. 
Mycorrhizal development in these low nutrient fynbos soils is 
slow (N Allsopp pers. obs.) and after four weeks of growth 
mycorrhizal structures had not spread beyond points of entry 
of mycorrhizal hyphae into roots (inlection points) and no 
secondary infection had occured . Root length was meas-
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ured using the grid intersect method (Tennant 1975). 
Number of infection points per 1 aOcm root length was cal-
culated. Statistical significance of differences in soil mycor-
rhizal infectivity with respect to study site and previous veg-
etation cover was tested by means of non-parametric 2-way 
ANOVA. 
Mycorrhizal spore numbers. 
Soils from all samples along a transect were combined and 
arbuscular mycorrhizal spores extracted from 20g of dry soil 
by Sieving and centrifugation in 50% sucrose (Brundrett et 
al. 1994) and counted under a stereo microscope at 40x. 
Soil chemical analyses 
Soils passing through a 2mm sieve were analysed for organ-
ic maNer, pH , total phosphorus and plant available phospho-
rus. Organic matter was calculated after combustion of dried 
soils at 450°C. Soil pH was measured in 0.001 M CaCh and 
total phosphorus was measured calorimetrically (Murphy 
and Riley 1962) aHer digestion in hot concentrated HC!. 
Plant available phosphorus was deemed to be that phos-
phorus extracted by anion exchange resins (Saggar et al. 
1990). Differences between soils with respect to site and 
previous vegetation cover was tested by means of 2-way 
ANOVA. 
Results 
The pattern of indigenous mycorrhizal plant guilds before fire 
differed between sites and aspects (Figure 1). Little differ-
ence between invaded and control plots was evident at 
Genadendal or the N-facing slope at Villiersdorp, but on the 
S-facing slope in the invaded plot both the ericoid mycor-
rhizal guild was over-represented and the non-mycorrhizal 
guild under-represented. The overall paNern before clearing 
and fire was for the arbuscular mycorrhizal guild to be over-
represented in the invaded plots compared to control plots 
and for the indigenous non-mycorrhizal guild to be under-rep-
resented in the invaded plots. The pattern of mycorrhizal 
plant guilds was significantly different after the fire , with eri-
coid mycorrhizal species contributing little to plant cover in all 
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situations (Figure 2). At all sites and aspects, dense invasion 
promoted the arbuscular mycorrhizal guild and suppressed 
the non-mycorrhizal guild one year post-fire, although these 
cells were not significant for Genadendal (Table 1). 
Soil arbuscular mycorrhizal infectivity was low at all sites 
(Table 2) compared to infection levels of savanna soils 
measured using the same technique (Roos and Allsopp 
1997, N. Allsopp unpublished data) but similar to those of 
arid succulent karoo vegetation (Allsopp 1999). Soil infectiv-
ity was higher at the Genadendal site (F". ~ 29.79, P 
<0.001) than the Vi lliersdorp site. There were no significant 
differences in soil arbuscular mycorrhizal infectivity associ-
ated with previous vegetation cover. Mycorrhizal spore num-
bers were lower at Villiersdorp but were not affected by pre-
vious vegetation cover at either site (Table 2). Spores of the 
sub-order Glomineae predominated in the samples. Fewer 
than 1 % of the spores were from the Gigasporineae. 
Soil organic matter content was slightly higher in soils 
which were previously under al ien vegetation (F\52:: 41.55, 
p <0.05) but did not differ between sites (Table 2). Soils were 
very acidic especially where the previous vegetation covet 
was alien (F", ~ 13.11, P <0.001) (Table 2). Total soil phos-
phorus at Villiersdorp was half that at Genadendal (F." ~ 
107.22 , P <0.001) (Table 2). Soils which had previously car-
ried alien vegetation had significantly higher total phospho-
rus content (F. ,. ~ 4.996, P <0.05) than soils under fynbos at 
both sites (Table 2). Plant available phosphorus was always 
less than 1 ~g.g " however, results are not shown here. 
Discussion 
Contrary to expectations the colonisation of mountain fynbos 
by non-mycorrhizal or ectomycorrhizal alien plant species 
did not result in a decrease in arbuscular mycorrhizal soil 
infectivity. Neither was there any reduction in cover of arb us-
cular mycorrhizal species post clearing and fire. This may be 
aNributed to the fact that despite heavy alien infestation, 
arbuscu lar mycorrhizal plant species persisted as a sparse 
component of the vegetation. These species are probably 
able to maintain arbuscular mycorrhizal fungal populations 
in the soil despite the presence of al iens from other guilds. 
Table 1: Summary of statistics for comparison between invaded and control siles 
Sile X' Sigmficant ceUs Invader ASD 
Genadendal before fire 1.942, P _ 0.746 
Villiersdorp before fire 1.76, P = 0.624 
Viii S-facing before fire 27.5 , P < 0.0001 Ericoid 5.0 
Non-mycorrhizal -4 .2 
ViII N-facing before fire 1.387, P ~ 0.5 
ALL SITES BEFORE 22.8, P < 0.0001 Arbuscular 3.3 
Non-mycorrhizal -4.2 
Genadendal after fire 8.02, P ~ 0.046 
Villiersdorp after fire 34.2, P < 0.0001 Arbuscular 5.8 
Non-mycorrhizal -5 .0 
ViII S-facing after fire 60.0 , P < 0.0001 Arbuscular 7.7 
Non-mycorrhizal -6.8 
ViII N-facing after fire 14.6, P ~ 0.0007 Arbuscular 3.8 
Non-mycorrhizal -3.5 
ALL SITES AFTER 71.5, P < 0.0001 Arbuscular 7.9 
Non-mycorrhizal -7.4 
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Figure 1: The effect 01 dense invasion on Ihe relative cover of indigenous mycorrhizal guilds before fire , a) Genadendal, b) Villiersdorp, c) 
Villiersdorp S-facing stope. d) Vill iersdorp N-facing stope, e} all siles combined. Numbers are Pearson Xl values, ' p <0.05, '''p <0 .0001 ; 
"above bars denotes adjusted standardised deviates> 3.0. Mycorrhizal guild abbreviations: arb = arbuscular, eric = ericoid, lac = facultative 
arbuscu lar, oth = other gui ld (including eclomycorrhizal, orchid and unknown), non == non-mycorrhizal 
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Figure 2: The effect of dense invasion on the relative cover of indigenous mycorrhizal guilds after fire, a) Genadendal, b) Villiersdorp, c) 
Vi11iersdorp S-facing slope , d) Villiersdorp N-facing slope, e) all sites combined. Numbers are Pearson X' values, "p <0.05, *,,"p <0.0001; 
~above bars denotes adjusted standardised deviates> 3.0. Mycorrhizal guild abbreviations: arb = arbuscular, eric = ericoid, fae = facultative 
arbusGular, oth = other guild (including ectomycorrh izal, orchid and unknown), non = non-mycorrhizal 
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Table 2; SOil arbuscular mycorrhizal In fectivity, mycorrhizal spore numbers and soil nutrient content at two mountain fynbos sites where veg-
etation cover was previously high density allen species or pristine fynbos (means ± 1 standard error) 
Site Vegetation cover Soil arbuscuJar mycorrhizaJ Arbuscular mycorrhizal SOil organic pH Total soil phosphorus 
infectiVity (Infection pOints 
m I root length) 
Vitliersdorp fynbos 2.42 ± 0.94 
Vililersdorp alien 4.37 ± 2.16 
Genadendal fynbos 31.98 ± 6. 11 
Genadendal allen 30.51 ± 13.39 
On the south-facing slope, ericoid mycorrhizal species 
(Ericaceae) are promoted whilst non-mycorrhizal plant 
species are suppressed by alien invasion. This possibly 
relales 10 the shading effects of the tall alien plants rather 
than to mycorrhizal status. After fire the reduction in cover by 
ericoid mycorrhIzal species in all plots can be attributed to 
their extremely slow growth rates in the first few years of 
establishment. The effects of alien vegetation on their 
recruitment and establishment will only be detectable sever-
al years after fire. However, should growth of ericoid mycor-
rhizal plants be suppressed by alien plants, their re-estab-
lishment may be hampered by reduced inoculum (Hutton ef 
al. 1997) . 
Low soil arbuscular mycorrhizal infectivily levels in the bio-
assay may indicate that arbuscular mycorrhizas are not very 
important in these areas. However, infectivity levels in low· 
land fynbos are also low and yet plants manage to attain 
high levels of root colonisation (Allsopp and Stock 1994). 
Since arbuscular mycorrhizal fynbos species are usually 
dependent on forming mycorrhizas when establishing on 
nutrient-poor fynbos soils (Allsopp and Stock 1995) it seems 
unlikely that these plants will establish wi thout mycorrhizas. 
The presence of similar numbers of mycorrhizal spores in 
invaded and pristine areas supports the idea that the alien 
vegetation has not suppressed the arbuscular mycorrhizal 
fungal population. 
There is an over- representation of arbuscular mycorrhizal 
plant species compared to other mycorrhizal guilds in previ-
ous[y invaded areas following clearing and fire. This would 
suggest again that alien vegetation has not suppressed 
arbuscular mycorrhizal activity despite the fact that the alien 
vegetation is not arbuscular mycorrhizal. This lack of effect 
on mycorrhiza l infectivi ty follows a single cycle of dense 
al iens in which an understorey of indigenous species sur· 
vived. Repeated establ ishment events of dense non-mycor-
rhizal or ectomycorrhiza[ alien vegetation following fire may 
have more serious effects on the indigenous arbuscular 
mycorrhizal fungal population, especially if the indigenous 
understorey is large ly el iminated, as usually occurs after two 
or more cycles of dense aliens (Holmes and Cowling 
1997a). Soil infectivity is maintained by mycorrhizal fungal 
hyphae and soil-borne spores and will decline in the 
absence of host plants. In the low-nutrient heath lands of 
Australia, topsoil removed during mining loses its infectivity 
very rapidly (Jasper ef al. 1987). Mycorrhizal infection of 
subsequent colonisers of th is soil will be reliant on dispersal 
of mycorrhizal spores by wind or animal vectors from adja-
cent vegetation (Allen 1988). 
spores/100g soil matter % (~g.g 'J 
201 ± 116 4.31 • 0.43 4.1 1 . 0.05 34.39.3.17 
146.109 5.32. 0 .42 3.79. 0.06 46.82 ± 3.09 
312.43 4.46. 0 .17 4.38 ± 0.06 77.37.3.37 
334 ± 22 4.91 ± 0.24 4.28 ± 0.06 81.77 ± 4.94 
The greater increases in plants of the arbuscular mycor-
rhizal guild and suppression of the non-mycorrh izal guild fol-
lowing clearing and lire at the invaded sites suggests that 
the invasive vegetation is driving these changes in commu-
nity composition. In most ecosystems the non-mycorrhizal 
plant guild is dominated by weedy species which would 
dominate immediately after fire or other disturbance. In fyn-
bos, this guild is made up of many longer-lived species 
including some which dominate in mature fynbos. The 
Proteaceae and Restionaceae are non-mycorrhizal plants in 
fynbos, the former making an overstorey shrub layer in 
Proteoid Fynbos communities. Invasive alien plants may 
influence recruitment of these species in ways unrelated to 
their mycorrhizal status. Many Proteaceae species are 
serotinous and are among the first to be eliminated by dense 
al iens owing to thei r lack of soil-stored seeds and inability to 
produce seed in dense shade (Holmes and Cowling 1997a). 
Many Restionaceae and Cyperaceae species are obligate 
resprouters after fire. seldom recru iting as seedlings and 
shading by dense aliens lowers their resource acquisit ion 
and storage for resprouting after fire. 
The influence of alien vegetation on soil chem ical 
characteristics has been documented at other sites in the 
fynbos biome (Stock and Allsopp 1992, MUSil 1993, Stock ef 
al. 1995). The change in pH and increase in phosphorus and 
organic matter may indirectly affect mycorrhizal guilds 
through changes in nutrient cycl ing which would favour cer-
tain types of mycorrhizas over others. Arbuscu[ar mycor-
rhizal plant species are, for example, found on soils with a 
broad range of nutrient status. Although arbuscular mycor-
rhizas are usually beneficial to plants on low nutrient soils, at 
extreme levels of nutrient impoverishment they may become 
a drain on the host plant's carbon resources (Bethlenfalvay 
ef al. 1983) and other nutrient acquisition systems may be 
better adapted. Ericoid mycorrhizal species and the cluster 
roots of non·mycorrh izal Proteaceae and Restionaceae 
would appear to be part icularly suited to low-nutrient fynbos 
soils. Increased nutrient levels in fynbos under alien vegeta-
tion may negatively impact these nutrient acquisition guilds 
and promote arbuscular mycorrhizal plants. It is too early in 
the post-fire succession at the cleared plots to predict 
whether the increased dominance of arbuscular mycorrhizal 
plant species is due to increased nutrient cycling or whether 
th is dominance will persist. 11 does, however, highlight the 
fact that influences of alien vegetation on nutrient cycling 
may have detrimental aHects on fynbos diversity by chang-
ing the balance between different mycorrhizal plant guilds. 
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